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INTRODUCTION
Coal has been used widely as a thermal energy source as well as fuel for thermal power plants producing electricity. In recent decades, an enormous growth in the Indian energy sector has been noticed. In India, the installed capacity of Power Plant Utilities in 1950 was 1713 MW (CEA, 2016), which has increased to about 3,30,861 MW in 2017 (CEA, 2017; as on 31.12. 2017) The electricity generation has also improved from about 5.1 BU in 1950 to 1,107 BU in the year 2015-16. The share of coal in the total installed capacity of all the power stations is an overwhelming 58.3%, followed by Renewable Energy Sources (18.2%), Hydro (13.6%), Gas (7.6%), Nuclear (2.0%) and Oil (0.3%) (CEA, 2017). Although, coal-fired power plants are the most widely used plants for electricity generation and can bring much economic prosperity, the legacy of mass emissions of solid particles and hazardous gases into the atmosphere, the discharge of chemicals, ash, and contaminated waters is ancillary to these power plants. Environmental effects of solid wastes generated from coal combustion are mainly associated with interactions with surface and ground waters and effects of this waste on biota. The availability of quality drinking water is one of the most important social and environmental issues at global level. The protection and management of ground water quality is always a matter of concern. Water quality is the physical, chemical, and biological characteristics of water in relation to a set of standards. Water pollution may be defined as alteration of the physical, chemical or biological properties of water or such discharge of any sewage or trade effluent or of any other liquid, gaseous or solid substance into water as may create a nuisance or render such water injurious to public health, or to domestic, commercial, industrial, agricultural or other legitimate uses, or to the life and health of animals or plants or of aquatic organisms (Water (Prevention and Control of Pollution) Act, 1974) . Groundwater irrigation has been a major component in agricultural development since 1960s. At present groundwater irrigation is the most dominant form of irrigation in India. The largest component of ground water use is the water extracted for irrigation. 89% of ground water extracted is used in the irrigation sector, making it the highest category user in India (Ministry of Water Resources, 2014 ). Water quality is always influenced by both natural (local climate, geology etc.) as well as anthropogenic factors (irrigation practices, pesticide used etc.) (Ramesh and Elango, 2012) . Ground water is the major source of drinking water in India. In order to make ground water sustainable, there is a need to understand the aquifer characteristics as well as its geological setting. This understanding not only helps in designing regulated withdrawal of ground water but also for planning suitable mechanism for ground water recharge. Various manmade and natural activities are polluting the aquatic ecosystem with heavy metals and chemicals. Most of the drinking water schemes in the Punjab depend on the ground water and the canal water (Bhalla et al., 2011) . The association of heavy metals with ground water might present hazards to aquatic life and humans (Levy et al., 1992) . Nalawade et al. (2012) analyzed underground and surface water samples collected from the surrounding areas of fly ash dumping site of Parli Thermal Power Station (PTPS) of the Maharashtra, India. Metals such as As, Hg, Zn, Cu, Cd and Pb contents were determined in both underground and surface water samples. The heavy metal pollution index (HPI) indicates that leaching metal from fly ash has contaminated the groundwater as well as surface water. Sarode et al. (2010) has found the concentrations of Cd, Fe, Mn, Mg, and Zn in groundwater samples in the vicinity of Bhusawal Thermal Power Plant and ash dumping sites were less the permissible range of Indian standards and WHO. The concentrations of Ni and Pb were below the Indian standards but slightly larger than WHO permissible range. The concentration of Cu was slightly higher than Indian Standards but within the WHO permissible limits. Mittal and Arora (2014) observed that contamination due to heavy metals was high in groundwater from Bathinda. Water of almost all study points was hard and contaminated. Overall, groundwater quality was not suitable for drinking purposes. The study area investigated -Guru Nanak Dev Thermal Power Plant located in Bathinda (Punjab) is a coal fired thermal power plant. The total installed capability of the power station was 440MW with four units of 110MW each. The water supply system of the study area i.e. Bathinda is dependent partially on underground water and substantially on surface water. Punjab is one of the most productive agricultural state in India. More than 83% of the total land in Punjab state is under agriculture as compared to national average of 40.38% (Tiwana et al., 2007) . Highest yield of food grains (4,144 kg/ha) in 2014-2015 were produced by Punjab in the country (Agricultural Statistics at a Glance, 2015). In Punjab the agricultural fields are cultivated with widespread irrigation by using ground water and the canal water from Beas and Sutlej rivers. The contemplated sources of ground water contamination in the study area are in the form of fly ash and bottom ash from thermal power plant in Bathinda. Heavy metals release from fly ash in groundwater depends largely on bonding between the element and fly ash, its chemical form, and physicochemical properties of water (Fulekar and Dave, 1991; Pandey, 2014) . Over four decades of its operation Guru Nanak Dev Thermal Power Plant, Bathinda is liable to have contaminated the groundwater with heavy metals and other contaminants. In the present study, an attempt has been made to identify the level of underground and surface water contamination with major ions and five heavy metals in the surrounding region of the Guru Nanak Dev Thermal Power Plant (GNDTPP) situated in Bathinda city.
MATERIALS AND METHODS
Water sampling: For the purpose of this study, ground (tube well) water samples around thermal power plant (n=5; GW1 to GW5) and surface water samples (n=2; LW1 to LW2) were collected. Samples were collected through the judgmental sampling method. The water samples were collected in scrupulously cleaned, rinsed with double distilled water and dried high-grade polyethylene bottles of one liter capacity. ) were determined spectrophotometrically by ammonium molybdate + stannous chloride, brucine method and SPADANS (4,5-Dihydroxy-3-(p-sulfophenylazo)-2,7-naphthalene disulfonic acid, trisodium salt) method, respectively. All the experiments were conducted in triplicate. The statistical analysis of the experimentally generated data was carried out by using SPSS (Statistical Package for Social Sciences). Reagents and standards: Chemicals used in the present study were of analytical grade and double distilled water was used throughout the study. All the labware in contact with reagents or samples were cleaned by soaking in dilute 4 moles/l of nitric acid (HNO 3 ) overnight and rinsed repeatedly with double distilled water. To analyze trace metal concentrations a flame atomic absorption spectrometer (Lab India AA7000) was used. Calibrants were prepared from a 1000 mg/l spectrosol solution as well as from the standard solutions prepared in laboratory following APHA (2005) standard methods. Standards and blanks were run simultaneously for background correction and to minimize other sources of error.
RESULTS AND DISCUSSION
Physicochemical characterization of ground water: Groundwater is one of the major sources of water supply in arid and semi-arid regions of India (Moghaddam et al., 2018). Thus, to protect groundwater quality, assessment of groundwater quality is important. In the present study, the 11 physico-chemical parameters and 5 heavy metals (Cd, Cu, Pb, Ni and Zn) of both the underground (GW1-GW5) and surface water (LW1-LW2) samples collected around Guru Nanak Dev Thermal Power Plant, Bathinda, Punjab are given in (Table  1 ). In the studied site, ground water was free from any type of colour, odour, and turbidity. The underground water's taste was slightly saline at majority of the locations. While performing statistical analysis, only ground water samples were taken together. In the present study an effort has been made to calculate the correlation coefficient (r) among various water quality parameters of studied underground water sample (Table 2) . It provides interrelationship between water quality parameters. The physico-chemical parameters and heavy metals of groundwater are compared with the drinking water quality standards recommended by BIS (2012) and WHO (2017) ( Table 1) . pH : pH is one of the most important parameter in assessing the quality of water. It measures the hydrogen ion concentration in water. In the present study, the pH of ground water varied from 7.20 to 8.40 with a mean of 7.64 (Table 1 ; Fig. 1 ). pH indicates that all the underground water samples were neutral to alkaline in nature. The permissible limit of pH for drinking water is 6.5 to 8.5 (BIS, 2012; WHO, 2017 Gupta et al. (1994) in Agra ground water. Electrical conductivity (EC) and total dissolved solids (TDS): Conductivity is a good indicator to assess groundwater quality and TDS is the concentration of all dissolved minerals in water, which indicates the general nature of salinity of water. Conductivity of water is proportional to its dissolved mineral matter content and varies directly with the temperature changes. EC and TDS of water signifies the amount of total dissolved solids (TDS) or salinity present in it, which in turn shows the inorganic pollution load of water. The EC (mS/ cm) of ground water of the study area varied from 0.969 to 2.249 with an average of 1.68. The concentration of total salt content in irrigation waters, obtained in terms of electrical conductivity (EC), is considered as the important parameter for judging the suitability of irrigation waters. FAO (Richards, 1954) . Salinization (EC > 3000 μS/cm at 25°C) of the groundwater of Bathinda has been reported by Rahi (2011) . In the present study TDS (mg/l) of ground water of Bathinda varied from 620 to 1439 with an average of 1072. According to BIS (2012) and WHO (2017) the acceptable level of TDS in ground water for domestic purposes is 500 mg/l and the extreme permissible limit is 2000mg/l. On the basis of the classification done by Rabinove et al. (1958) the ground water with TDS 1000-3000 ppm is considered slightly saline. So, the ground water of the study area falls in the class of non saline to slightly saline. The presence of high levels of TDS (above 1200 mg/L) in drinking water is generally taste wise unacceptable for human beings (Bhalla et. al., 2011) . The presence of high levels of TDS may also be objectionable, owing to extreme scaling in household appliances, heaters, boilers, and water pipes. In case of non-availability of any other water source, underground water of the study area may be used for drinking and irrigation purposes from salinity point of view. Total hardness (TH), calcium (Ca 2+ ) and magnesium (Mg 2+ ): Total Hardness (TH) is mainly be- cause of carbonates, sulphates and chlorides of calcium and magnesium present in ground water. It is generally expressed as milligrams of calcium carbonate per litre (mg CaCO 3 /l). Calcium and magnesium are dissolved from most soils and rocks. The hardness of natural waters depends primarily on the presence of dissolved calcium and magnesium salts. A limit of 300 mg/l has been recommended for potable water and the maximum permissible limit of hardness is 600 mg/ l in case of non-availability of any other source (BIS, 2012). Total Hardness (mg/l) in groundwater of the study area varied from 168 to 400 with an average of 252.86. The degree of hardness of potable water has been classified as : Soft-0-60 mg/l, Medium-60-120 mg/l, Hard-120-180 mg/l, terribly hard-> 180 mg/l (in terms of equivalent CaCO 3 concentration) ( Dohare et al., 2014) . On the basis of the classification done by Durfor and Becker (1964) , the water with hardness >180ppm is considered very hard. So, the ground water of the study area is very hard. Hardness in all the water samples is above the WHO (2017) desirable limit of 100 mg/l. Calcium is the fifth most abundant element found on the earth crust. Calcium and magnesium are important parameter for total hardness. It is most common in natural as well as ground water. Nearly all the natural waters have substantial amounts of dissolved carbon dioxide, which is the main source of alkalinity in water (Ramesh and Elango, 2012) . The alkalinity in the water is commonly imparted by the salts of carbonates, bicarbonate, hydroxide, silicates, etc. together with the hydroxyl ions in free state, which may result from dissolution of mineral substances in the atmosphere and soil (Mittal and Verma, 1997) . In the present study alkalinity present in the groundwater is only due to bicarbonate contents, as carbonate alkalinity was absent in the underground water samples. Hydroxide, carbonate and bicarbonate contents are the main contributor of the alkalinity in water (Bansal and Dwivedi, 2018). Chloride occurs in all types of natural waters and its presence can be attributed due to dissolution of salts. Chloride originates generally from sodium chloride, which inturn is dissolved in water from industrial and domestic waste discharges, infiltration of seawater, and from rocks and soil. Chloride in excess of 100 ppm imparts a salty taste. According to BIS (2012) and WHO (2017) the acceptable limit of chloride in potable water is 250 mg/l, which may be further relaxed up to 1000 mg/l under Indian conditions (BIS, 2012). Beyond 250 mg/l, taste, corrosion, and palatability of water are affected. The chloride content will automatically increases by increasing mineral content in water. As per IS: 10500-2012 acceptable limit of chloride is 250 mg/l and permissible limit is 1000 mg/l (Bansal and Dwivedi, 2018) . In the present study, ground water chloride content (mg/l) ranged from 30 to 284 with a mean of 154. All the samples of groundwater have chloride concentration within the acceptable limit expect one sample (GW 1) with chloride concentration of 284 mg/l. So, the ground water of the study area is fit for drinking purpose from chloride point of view. Significant and positive correlation between Cl --Mg 2+ (r=0.952, p=0.05) and Cl --TH (r=0.893, p=0.05) were found. Hence, the presence of chloride in water is strongly influenced by total hardness. Significant correlations between Cl --TH (0.618) and Cl --Mg (0.545) have also been reported by Shalu et al. (2015) . Gupta et al. (1994) have also observed strong correlation between Cl --TH (0.736) and Cl --Mg (0.729) in groundwater from Agra (India). Furthermore, significant correlation between TH-Cl -in groundwater of Tamil Nadu (India) (Sulochna et al., 1998; r = 0.96) and Dabwali (Bhatia et al. 2008 ; r=0.686) have also been observed. Nitrate (NO 3 -): Nitrate (NO 3 − ) is present naturally in the environment and it is also considered as an important plant nutrient. Nitrate is the highest oxidizable form of nitrogen and is toxic when present in excessive amounts in drinking water (Behailu et al., 2017) . Nitrification may occur when excess of free ammonia enters in the distribution system which can also increase of nitrate and nitrite in drinking-water. Nitrate showed toxic effect when it is reduced to Nitrite. Sources of nitrate (NO 3 -) in water are nitrate fertilizers, decaying organic matter, sewage, legume plants, and nitrates in soil. Excess nitrate can lead to growth of algae and other organisms that produce undesirable tastes and odors in water system. The maximum permissible limit of nitrate in water is 45 mg/l (BIS, 2012). In the present study, the nitrate concentration of ground water varied from 1.225-10.742 mg/l with a mean 5.953 mg/l. The correlation matrix shows significant and positive correlation between NO 3 --PO 4 3-(r=0.929, p=0.05). Phosphate (PO 4 3-): Phosphate is an important component from agricultural point of view. In acidic soils phosphate gets adsorbed as iron phosphate or aluminum or as calcium phosphate in neutral or alkaline soils. Thus, the phosphate concentration in ground water is generally low, but different chemical processes in soil strata may cause the mobility of phosphate in sub-soil as well as in ground water. Also, phosphorous is considered as an essential plant nutrient and is widely used as fertilizer. Phosphorus is present as phosphate in natural water as a growth limiting nutrient, so that phosphate is essential for the growth of organisms. Though there is no clear permissible limit set for the phosphate ion concentration by WHO and BIS, some research articles and guidelines suggest that concentration of 0.01 mg/l of phosphate is acceptable while 0.02 mg/l is excessive (Behailu et al., 2017) . The permissible limit of phosphate in drinking water is 0.1 ppm (USEPA, 2005). In the present study, the phosphate concentration of ground water varied from 0.234-0.623 mg/l with a mean of 0.391 mg/l. Fluoride (F -): Generally, fluorine is a common element that is widely distributed in earth's crust. Usually all vegetation contains some fluoride content, which is absorbed from soil and water. Fluorides are present in many waters in trace amounts, with higher concentrations frequently associated with ground waters. Fluoride (F -) is considered as a necessary element for maintaining normal development of teeth and bones, but higher concentration causes fluorosis problems. In the present study, the fluoride concentration (mg/l) of ground water varied from 2.66-3.99 with a mean of 3.32. Gulgundi and Shetty (2018) have also found higher concentration of fluoride in the groundwater of urban Bengaluru. When drinking water exceeds the guideline value of 1.5 mg/l (BIS, 2012), there is an increasing risk of dental and skeletal fluorosis, which makes this element of great health concern in many regions The accumulation of heavy metals in water and soil is of increasing concern due to the safety issues of drinking water and food. Heavy metal pollution in ground water affects the agricultural soil's properties and thus influences on production of crops have been reported in literature. Heavy metals release from fly ash in groundwater depends largely on bonding between the element and fly ash, its chemical form, and physicochemical properties of water (Fulekar and Dave, 1991; Pandey, 2014) . Cadmium: Cadmium is considered as a potential environmental contaminant. Concentration of Cd (mg/l) in groundwater varied 0.366 to 0.437 with a mean of 0.402 (Table 1 ; Fig. 2) . As per the WHO and BIS standards permissible limit for cadmium is 0.003 mg/l with no extendable limits in drinking water. The cadmium concentration of the ground water samples was detected higher than the desired limit. Similarly, Mittal and Arora (2014) have reported Cd level 0-0.001 mg/l in underground water of Bathinda. Edokpayi et al. (2018) has found the concentration of Cd was below the standard limits set by WHO (0.003 mg/l), for domestic water use in groundwater of South Africa. Copper: Copper is considered as essential trace element for dietary requirement, however; astringent tastes in water can be caused by levels above 1 mg/l Cu (Behailu et al., 2017) . Cu (mg/l) in groundwater ranged from 0.086 to 0.118 with a mean of 0.103. As per the WHO and BIS standards permissible limit for copper is 0.05mg/l and extendable up to 1.5 mg/l in drinking water. All the ground water samples have the copper concentration comfortably within desired limit. Copper also imparts a colour and an undesirable bitter taste to water at levels above 5 mg/l. Copper should be acceptable at the health-based guideline value of 2 mg/l. Zinc: Mostly zinc is introduced into water by anthropogenic activities such as burning of waste materials, byproducts of coal -fired power station or steel production or from, fertilizer that may leach into groundwater. Drinking water contains Zn in very small quantities which may reduce the possibility of its deficiency in the diet (Behailu et al., 2017) . WHO and BIS standard permissible limit for zinc is 5.0 mg/l in potable drinking water. Concentration of Zn (mg/l) in groundwater ranged from 2.124 to 2.213 with an average of 2.163. The concentration of zinc in all the water samples collected is lower than the maximum permissible limit. Mittal 
Conclusion
From the results obtained from present study, it is concluded that some water quality parameters like Cl -, Mg 2+ , F -and TDS exceeded the acceptable limits prescribed by WHO (2017) as well as BIS (2012) for drinking purpose. According to the calculated correlation coefficients, the highest correlation Coefficient belonged to EC-TDS (1), while Mg 2+ -TH (0.976) and Mg 2+ -TA (0.965) showed strong correlations. However, PO 4 3-with NO 3 -, TH and Mg 2+ with Cl -and TA, Mg 2+ , TH, Ca 2+ exhibited good positive correlations with pH. The concentrations of Cd (0.402 mg/l) and Pb (0.265 mg/l) are higher than prescribed limits by WHO and BIS for drinking water. However, Cu, Ni and Zn were within permissible limits of WHO standards. The reason behind the presence of other form of impurities and heavy metals in the ground water could be the leaching of heavy metals from fly ash and bottom ash arising from the thermal power plant into the environment and hence into the groundwater. The study reveals that groundwater is contaminated due to heavy metals. Therefore, groundwater quality is not suitable for drinking purposes and the pretreatment required before consumption. The groundwater may be used for the irrigation purposes but before that proper study should be conducted to ensure that the groundwater will not harm the soil fertility as well as the crop production. Prevention is the best method to protect the environment from contamination by heavy metals. Hence, it is necessary to minimize or reduce the further deterioration of ground water quality in the present study area. The quality of potable water ought to be checked at regular interval.
